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urrents be collected and flow in a circuit, the arma- 
ure becomes a resisting body, requiring considerable 
:orsion to move it in the apparently empty chamber. 
The power exerted in turning is the expended energy. 
The current of electricity is the energy of conversion. 
If the dynamo be built upon certain lines the propor- 
tion of the energy returned by it as electricity may be 
as high as ninety-five per cent, of that expended. If 
the machine be constructed upon bad principles, only 
a small proportion may be so recovered. 

The dynamo consists, thus, of two chief parts, a 
fixed part known as the field magnet,* and a revolving 
part termed the armature. 

The field magnet may, if desired, be a common horse- 
shoe of hard steel. Such an arrangement can be 
strongly magnetized once for all, forming, in fact, a 
" permanent " magnet. A machine built in this way 

would be 'generally known as a 
magneto machine. 

But there is one great advan- 
tage in employing a temporary 
soft iron magnet instead. It can 
be made enormously more power- 
ful. If it is more powerful it can 
impel many more lines of force 
through the armature. As the 
inductive effect is proportional to the number of lines 
of force in the field, it follows that such a machine will 

* Although an electro-magnet may be said to be simply a bar of sof) 
iron, furnished with a current-bearing insulated wire cuiKd many time 
around it« this is not \U usual form. In most cases it is requisite, in orde 
to concentrate the field, to bring the polar extremities of the iron core clos 
together ; this may be, and is Irequently, effected by simply bending tl 
bar to form a U, but as this methcd is impracticable in dealing with lar 
bars, and indeed generally unnecessary ; it is simpler to divide the bar a 
join the two limbs by means of a well-fitted yoke piece, as in Fig. • 




Fig. 17.— Electro -Majfnet of 
the Common T>'pe. 
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the balance between external circuit and field magnet 
coils. A smaller proporlion of the current will pass 
momentarily in the external circuit and a larger pro- 
portion in the magnet coils. The result of this will 
obviously be an increase in the power of the magnet, 
which, re-acting upon the armature, will cause it to 
evolve a relatively greater ^current. In an instant 
the machine has thus almost doubled its output. The 
converse of this takes place if the work in circuit be 
diminished. If all the lamps but one be switched ofiF, 
the external resistance will thereby be greatly reduced. 
There will occur a momentary relatively great rush of 
current by that path, and the field magnet will receive 
relatively little or none, but this instantly weakens 
the field, which in turn cuts off the supply at ^the 
armature — as it were — and the balance is once more 
restored. The effect of shunt winding, however, 
is more remarkable in the case of maintaining incan- 
descent lamps. These are usually placed across two 
main wires — the leading wire and the return in 
multiple arc — from the machine, and not in simple 
series circuit as in the former case. The effect of 
switching in a double number of these lamps would 
therefore be to diminish slighllyihe external resistance, 
since five additional paths would be open to this 
portion of the current, and the current would there- 
fore slightly increase. At the same time the field 
magnet would receive a little less current, and the 
field would become a trifle weaker, but the eflFect on 
the whole would be to light up the additional lamps 
satisfactorily. In this way a shunt-wound dynamo is 
found to regulate itself within reasonable limits, and 
even within wide limits if the resistance of the arma- 
ture be relatively small. But it is not perfect except 
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dyni$.mo in ihi^^ way w^^:: j><> «i.uc<;<''ftftful that when the 
ki^rft'i^i vari<<l irom </»c lo^^rn^r hundred amperes the 
ptfiufHiul fccftf< Hy vaifi*-4 on^ volt. When first applied 
iQii (iyfmmof* it <.</ij4>ii>ti'd of a length of fine wire 
Womm4 Mpon iha tor«, under the series winding, and 

Hi^yafiil fnodHU'fttfonii and combinations of the fore- 
going; m«thod«> of it*xc(tlng the field magnet are in use, 
but Wti mu^t It^iivu iht^m to be dealt with in Chap. XII. 

• Pru^h'K |>iiitfnf| i|>ctLirit'»iioii 3,003, uf 1878. 



76 DETAILS RESPECTING EXCITING COILS. 

that of absolutely pure copper, and is frequently higher. 
It should not be "hard drawn." This makes it 
extremely stiff and resilient, and therefore very un- 
manageable in the case of winding an armature. It 
should be soft, round (if of that section), and smooth 
on the surface. The reputed gauge of the wire is 
frequently not the actual gauge, so that this point 
should be tested before making calculations. A very 
slight difference in size makes a very great difference 
in resistance or carrying capacity. 

Wire coverers deliver dynamo wire in quantities 
of several hundred-weights (usually i, 2, 4, and 6), 
wound upon wooden drums in continuous lengths for 
these weights. In special cases it is varnished in 
addition to the cotton covering, but this is generally 
left to the later stage of the work, so that the varnish 
is applied after winding. Paraffin wax, although one 
of the best insulators known, has too low a melting 
point to be applicable for general dynamo work. 
Rubber varnishes are, generally speaking, open to 
the same objection, although they are sometimes 
used. A good, hard, and quick-drying japan varnish, 
or, for cheaper work, bitumen varnish, is to be 
preferred. 

Operation of Wt7tdtng, — The first matter to be 
attended to in winding the bobbins is to ensure that 
there shall be no possibility of metallic contact 
between the wire and the iron of the magnet, or the 
metal of the reel or former. Reels are sometimes 
cast whole, flanges and body in one. It is difficult, 
however, to obtain castings sufficiently thin. Waste 
of space between the wire and the core is a great 
fault in a magnet. This fact leads many builders to 
wind direct upon the iron; but that can only be 
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wire. It may happen that, in imposing too much 
tension, the wire may be stretchedy and thereby made 
thinner and longer than was intended. The tension 
arrangement generally consists of a grooved pulley, a 
foot or more in diameter, around which the wire takes 
one turn. Friction is put upon the pulley by means 
of a flat disc, pressed upon it by a large volute spring 
and screw. 
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FORM OF THE FIELD MAGNET. 



nections of a complex form of field magnet. If we 
take a long bar, and coil it from end to end with 
a right-handed winding, this helix will always run 
right-handedly, whether we bend the bar into a horse- 
shoe shape or not. Such a magnet would commonly 
be excited by two deep windings upon the straight 
limbs, as it is not found particularly advantageous to 
continue them over the bend, or yoke. The connec- 
tion between the coils would cross from one link 
to the other in the form of the letter co, as depicted in 

Fig. 32. 
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objection. It may easily be commuted to a uniform 
direction. But alternating-direction currents of rapid 
recurrence are in common use for feeding incan- 
descent lamps. This class of current is, indeed, in 
high favour for that purpose. It is clear that, in order 
that the to-and-fro current shall not be observable in 
the light emitted by the lamp, its wave or " phase " 
shall be rapid. This " periodicity" is frequently as 
high as 20Q alternations per second of time. 

Continuous currents are yielded by several descrip- 
tions of armature. But a large number give off alter- 
nating currents. It is generally required to commute 
these to take a constant direction with respect to the 
exterior (or useful] portion of the circuit. The most 
usual arrangement to meet this consists of a divided 
copper sleeve insulated from, but rotating with, the 
shaft or axis. The coils have their extremities con- 
nected to the several portions of this sleeve, and the 
currents are taken from the surface by two springs of 
copper or brass, bearing upon its opposite diameters. 
If the armature consist of two parts, or only one 
complete circle, as in our first example, the com- 
mutator will be in the form of a copper tube, split 
into two equal portions, longitudinally. (This form of 
commutator was illustrated and explained at p. 27.) 
These are insulated from the shaft and from each 
other. The collecting springs (or " 6rus/i£S," as they 
nn> generally termed) arc fixed in such a position 
that at the instant the current e.\periences a reversal 
the two half tubes shall exchange springs. It will 
thus be clear that one of the springs must always 
receive the positive current (as we may for the 
moment term it) while the other invariably receives 
the negative current. This simple device vw one 
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CHAPTER VIII. 

THE ARMATURE CORE. 

The two classes of armatures in which iron cores are 
employed are mainly Dnivi Armatures, or those 
having a cylinder shape, and /?///^ Armatures, or 
those of annular form. The greater number of arma- 
tures belong to one or other of these two kinds. The 
Drum Armature has assumed the leading position in 
dynamos for constant current. The earliest attempt 
to form a drum armature appears to be that of Stur- 
geon (p. 8j, who produced an iron shuttle, with the 
requisite windings of insulated wire. At a later 
period Siemens and Halske introduced their well 
known h girder armature (p. ii), a device which 
gave a considerable impetus to the use of magneto 
machines at that time. This form has been so 
frequently described that (since it is now obsolete 
except for small machines) it need not further occupy 
our attention. At a later period followed the cylin- 
drical iron core of Alteneck, and the famous Ring of 
Gramme, which, however, had been anticipated by 
the toothed ring of Pacinotti (p. 14). This latter was 
unquestionably the first attempt to form an armature 
capable of either yielding a continuous current or of 
acting with a continuous mechanical effect as a 
motor. The core consisted of a ring or rim of iron 
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dynamos the discs are simply varnished. It is pos- 
sible that the latter method, if it can be carried out 
without distortion of the washers, might become a 
sufficient protection in itself. 

Drum armatures are frequently constructed after 
the manner of Pacinotti's ring, with projections. In 
this case the washers are stamped out in the required 

form, and clamped together, so that 
the projections and interspaces form 
ridges and channels for the recep- 
tion of the coils. This method is 
more frequently followed in the for- 
mation of ring armatures of the 
deep-cylinder type. It is depicted 
in Figs. 39 and 40. Fig. 39 repre- 
sents one of the washers, which, 
in addition to the slotted central shaft-hole, is pierced 
with four ventilating apertures, for the purpose of 
cooling the armature by the admission of air. These 




y^g' J9- — ly'iic from 
Ribbed Armature Core. 




Fig. 40. — Ribbed Armature Core. 

discs are usually built into a solid cylinder {d dy 
fig- 4o)> between two flanges of gun-metal, also fur- 
nished with projections, or ribs. The whole arrange- 
ment shows a compact cylinder, with longitudinal 
ribs, r r, and ventilating apertures, vv. To a certain 
extent these ribs may be regarded as Pacinotti's pro- 






CHAPTER IX. 
ARMATURE WINDING. 

In Chap. VII. et seq. are discussed the effects of revolv- 
ing a single circuit of conductor within and across 
the lines of force in a magnetic field. Further, it was 
shown that, in order to obtain a continuous current, 
instead of two impulses during each revolution, the 
number of coils had to be increased. Thus an 
armature might be built up of circles of conductor, 
each one of which would deliver an impulse into the 
external portion of the circuit, so that the resultant 
current would be practically continuous. 

Now, the electromotive force developed in a'lSlire 
cutting lines of magnetism depends upon the numb* 
of lines it cuts per second. In other words, it 
depends upon the intensity of the magnetism and the 
rate or velocity of its revolution. Whatever this 
electromotive force may be, it can be very easily 
multiplied by multiplying the number of wires or 
loops. The force then can be doubled by having two 
wires in one loop, both passing through practically 
the same part of the field at the same time. We may 
thus indefinitely increase the electromotive force by 
employing multiple loops or oblong coils of wire in 
the place of single conductors. We may also deter- 
mine the electromotive force by the speedy and by 
the strength of the magnetic field. 
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2. The electrical resistance of the whole circuit 
in which the energy is expended. This includes 
the dynamo's own {^* internal ") resistance, made up 
of armature turns in series and field magnet coils, 
and the external work, as leading wires and lamps. 

3. In certain cases, counter electromotive force, as 
the back pressure of accumulators being charged, or 
back li. M.F. from any other cause. 

I .et i: stand for current in the external portion of 
iht! t ircuit ; 

!•: for the electromotivii force of the machine. 
K for any counter «*lectromotivo force (in incan- 
descent lighting this quantity may be omitted). 
U-, inti»rnal rt^sistance of dynamo. 
K,, i»xtt>rnal ri'.sistanri', U'ails, lamps, &c. 

Tiien : — 

^ ^ K, + R,. 

It is usrli'ss to iHi'upy spaci* by following a very 
grniTtil prav lii'i* in biuiks oi giving several pages of 
HMdy pri'pareil ** I'xaniplos " of the application of 
Ohm's liiw of tho i ircuit. wSuppvKsititious cases are 
always a quostivuuible basis tor such work. 

Tho caso of alternating-current machines is rather 
n\ore complex* and will be treated later. But it may 
here bo remarked that the rule relating to the E.M.F. 
being proportional to the nund>er of turns in the coil 
^under given conditions of s^ved, t5cc.\ is the same 
practically for the two nuichines. Ihc armatures of 
alternator^ ^of the multipolar type- are freiiut-ntly, 
howe\er, made ^»f extremely low resistance by the 
oxjK'dicnt of eniploving only one circuit. l>ut this 
circuit consists practically of many induction turns, 
as in berranii's dviiamo. The Vc.i/, when measure- 
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sixth. This proportion is further useful in deter- 
mining the cross section of the core itself. These 
considerations apply chiefly to drum armatures of the 
types already spoken of. 

Hclalion of the parts to each other. — In order to fix in 
the reader's mind the relative positions of the parts of 
the ring armature, it may prove useful to represent 
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them diagrammatically, as in Fig. 45, the three 
coils, c, having connections at /) and through con- 
ductors s (shown of abnormal length for the sake of 




clearness) to the collector lugs. Fig. 46 represents 
the coil.s and connections of one half of the ring, ivhile 
in Fig. 47 is depicted a comphitt; armature of the 
narrow or ring-core form. 
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nxion o( inagtunic activity as possible at that instant, 
riiis implies that thoy shall not be actively cutting* 
linos of force. The nu>re iJ/i' the coil at the instant 
of short rirouitinjf the better. In order that the idle 
roiN may ht* out of the field, or nearly so, at the in- 
sl.uu of eontart, or short circuiting, the space between 
tin* eMremities of tho embracing horns of the field 
magnet must be carefully studied. If it be arranged 
that th«» rtui be fairly within this space, and does not 
<;// any ol the magnetic lines, although they may 
///;,.;./ thnuiij^h it, sparking will be reduced to a 
mininuiin. Self induction, on the other hand, is best 
i'ombattfil by making each coil as short as possible, 
or, in oth<T wonls, building the armature with the 
j.:rf'at(^^l possible numlx^r of coils and commutator 
strips. 

('.•//#•/. v • A 7" Syfn7?ii'fn\\il/y U\)UnJ Rnig. — The 
«t»lli'rtor ronsists of a number of segmental pieces of 
r(»ppri, insulat«Hl trom each other, and rotating with 
ihr shall. In tlte mo>l improved forms the segments 
a»^sii!n!» a n.niow V-torm, as illustrated and described 
i\\ p. .'(«, \\\v\c are as tnany segments as there are 
rniU njMin iln» lini:. I lu* sekjments are arranged so 
as In l»Min a i \ hniler, and many ingenious devices 
h.nr Imnmi inH»Mlniiil l»v different makers for the 
pmp »s,» ,<t 1«inilini: \\\\ \\\ t«\k:«*ther in that form. Be- 
Ix^i'iMMMih I'.iii v\ <\\\\\\\\\\s ,ni insulating space is 
piiM iijr il In ii«(» r.Hlier dvnamos this space was filled 
ulih .i^Ims!,.^ Miilll'panl. In later machines mica of 
lif'fl •piidi'v \\A*< Wv\\ iMutnl prt'feralile. The insulating 
•ijim »» |< \ i-t V f»ari?Mv - It i*' only fssrntial that the seg- 

• !• *• *•• •■•• •■• » *'l flu- fii!|.-iif.f ii( (« f Miitiitir- ni S.i'rncns macbine a 

i».»-. I iiN i.tiiif ic "Ml nM'iin'i'fiii Hi III'' ii«l« «l !•» iftitPtiie the Jirec^ 
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fmrns sufficient to develop the electromotive force 
nniuiroil. Sectional area (which means thickness) 
must then be allo\i-ed to carry the current safely. 
But it is obvious that a mistake may well be made 
in prvn-iding' Ay> ^ea/ a sectional area in the con- 
ductors. To a certain extent this would return us 
a certain percentage of advantage by reason of 
diminisheii armature resistance, but the loss due to 
inonMsin\; the air gap resistance needlessly, would 
mon^ than counterbalance this, and a loss would 
iw^uU frv^m having the conductors larger (deeper) 
than niH:essar\\ The precautions regarding current 
densitv n^for, of course, to /wa/ in the wires. K the 
armatun^ be wound with only one layer, and ample 
Nvntilation is allowed, 2,000 amperes is a small 
currxMU density. Many armatures are pushed far 
beyon\l this. There is, of course, a certain loss by 
rvMson of this heat ; energy is being dissipated. 
lUit it is assumed that there is a greater gain than 
K^ss in n\lucing the depth of the conductors to a 
n\ininunn for hmsous stated above. On the other 
hatuU however, when there are necessarily several 
layers, htwt is not easily dissipated, and the current 
\ionsity tuust be kept as low as possible. 

•• /V,;./" .;•;./ ** .l*//>r** IJVn* on the Armature, — A 
cortrtit) prop\>rtion of the length of wire wound upon 
rt dnuu anuatun^ is always inactive. It does not 
come within the influence of the field and generates 
no elect iNMUotive force. This dead wire occurs at the 
«MuN of the cyliiuler. It is a necessary evil in every 
dvnanu>. Some means must be provided to carry 
tho eurnM\t ucri"iss the diameter of the core. The 
inoHt neatly method is to simply carry the conductor 
It^plf across, and this is done in all armatures wound 
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K_^j = Kapp lines which only pass through arma* 
ture c r :he usefiil Held, 

r,c = nms of armariire wires in series, counted 
all round core. 

y,.. = number of armature revolutions per minute* 

Ex^ri^U L — Let U5 now apply the foregoing 
firmuIaEr to the de>ign of a single field compound 
d^-nam^. 

Let the dynamo be furnished with a long shunt, 
and be of c.4>d watts external power P,), when 
driven at i,>j3 revolutions per minute. 

First, let us determine the resistance, current, fall 
of potential in armature and magnets, and percentage 
loss of power in the armature, shunt, and main field 
magnet coils, using the same symbols as before. 

Given E- = i >3 volts 

c^ = 64 amperes. 

Rcsisianct. — Then r' = *= . ' = 1*55 ohm. 

Suppose we agree to a loss of about 10 per cent, 
of the total power in the dynamo, or say — 

The electrical efficiency of the dynamo = 90 p. c. 
.".90 per cent. : 100 per cent. :: 6,400 P,. : Xy 
.'. total power = x = 7,100 P^. 

Let R., = -^= ^-^ = -077 zc. 

Let R, = R^ X i,ooo = -077 X 1,000 =77 w. 
Let R„. = 75 . R„ = J X -077 = -058 7V. 

Now the external current = current in armature 
field and magnet main coils less the current in shunt. 

CtirrcntSy or c^ = €„ — c,. 

T> a. ^ _ E^ _ 100 V. 

But C. = - 77» =>*3^; 

- i'3 «, 
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Stood i,ooo revolutions per minute. Let there be 
36 commutator bars of 36 sections of wire in arma- 
ture, which has been found sufficient to give a current 
of practically uniform E.M.F. The number of turns 
of wire in each section of the armature depends upon 
whether we use double or single winding, and upon 
the current and the resistance of the armature wire. 
As we shall see further on, from our trial drawing 
and calculations, we can get in six turns of wire to 
each section. 

•*• T.,^ 3^ X 6 = 216 turns of armature wire. 
Let X.,.. = 1,000 revolutions per minute ; 

now E„ = Kl X T„^ X N„r X IO« 

. K = — 

• • '^ T^^ X N„, X I0« 

io8-8 V. 

= 5037 ; 



216 X 1,000 X 106 
say = 50 Kapp lines in Armature Core. 

To obtain a certain number of Kapp lines or mag' 
netic induction in an armature core, it is necessary to 
give a greater magnetic intensity to the field magnet 
core, owing to the unavoidable leakage of magnetic 
lines which do not pass through the armature 
core. 

Dimensions of Field Magnet Core. — In ordinary 
practice it is usual to assume that only about 80 
per cent, of the field magnet lines pass through the 
armature core. 

Therefore the Kapp lines \xi field magnets are — 
80 per cent. : 100 per cent. : : 500 : x = 625. 

We must now ascertain the dimensions of the field 
magnet core to carry the 625 Kapp lines. Suppose 
we consider the case of field magnet to be cast iron 
throughout (poles and core). 



CHAPTER XIII. 

pyXA.VO GOITJ^X/XG. 

0\i i>l" tho I arliesi discoveries in the evolution of the 
i\\ n.mii* was that the position of the brushes upon the 
* i^llrrtur or riMiimutator micrht be made to determine 
the output of rhvtricity therefrom. \\Tien the brushes 
wivr sj't ixarily upon the neutral line, the current 
x\.i'. i.uml to Iv* at its strongest. A\Tien they were 
iu**\i il to ou«' siiN^ or thr other the current fell oflF in 
Mr, uKth. I^ut .iltluniijh this plan was often resorted 
lo m ihr iMil\ lu.K hims, it was not always satisfac- 
«oi > Sin h .1 nirth.ul may probably be left to control 
i]\r , utirnt. but it is not sufficient to maintain a fairly 
1 .Mi-i.oU I lit {romi>ti\o f(^rc(\ 

s. ' . /i .V ';///.•;;' /husht's. — Hence, regulation 
:»\ nu or oi •.Initmyi brushes was soon found better 
,,iijM,,l i.^ i!'.,' » ,r.<* ot running arc lamps in series 
,:^ n\ i.» «!. o ,^! v:lo\\ lamps in parallel. In the former 
, .*,  i..;.\ io:iNi,int ,..?**;// is very desirable, and 
.' . ] N: 1 ....4\ W allowf^l to vary somewhat. In 
ii,. ,11, « » i-^, »..u.n\inij j^otrtiti.il is of the greatest 
..,.,. , .»., . <i),: iJmn « ,nnuM br secured by merely 

«,,,<<'^ I'll t^lllll»' 

\; .,^\ iM« r.'jM-* h,i>,* iMvn mailrto utilise thebrush- 
Uoi,.M M*, *'^s* <^M bs'^^'^^^K purposes. A great d if- 
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certain power of self-regulation. But in order to 
meet extreme demands for E.M.F., a set of resistance 
coils are kept in the shunt circuit. These are switched 
out as the potential of the dynamo begins to fall (by 
reason of the switching in of lamps). This method, 
like every other depending upon resistance, is to a 
certain extent wasteful. Edison has also operated 
this device by means of an automatic governor. 

/// ctisis of Separate Excitation the usual practice is 
to vary the resistance of the exciting machine's mag- 
net windings. Separate excitation is becoming very 
common in the running of large dynamos. A small 
continuous current dynamo is reserved for the pur- 
pose. The method of governing the output of the 
main dynamo by controlling the exciting current of the 
exciter, is considered one of the best. Resistance 
coils are employed (or this purpose. Since the cur- 
rent exciting the small dynamo is but a fraction of 
the whole to be controlled, the loss in resistance is 
sutlicientlv small to be of little moment. This con- 
trol is generally exorcised by hand. But it is a very 
conMiion practice to arrange matters so that one con- 
tinuous current dvnamo shall furnish the current 
required for exciting the field magnets of several 
ilvnamos. It will be obvious, therefore, that the 
above method will not always be applicable to such a 
case as this. For any variation in the current given 
bv the exciter will react impartially upon all the 
ilvnamos fed by it. This may be desirable or not, 
according to the nature of the case. It may answer 
if all the dynamos are feeding into a common circuit, 
and call for an augmentation or decrease of mag- 
mnism simultaneously. But if they are feeding into 
independent circuits such a method cannot be other 
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ductors being arranged in a number of parallel 
lengths across a square or oblong framework. In 
such forms of rheostat, contact plugs are generally 
used to throw in and out of the circuit the lengths of 
ribbon. This form of rheostat is now not so gener- 
ally used as formerly. In some special cases German 
silver is employed instead of iron to form the con- 
ductors. 

Strn^s Dypiamos may be said to be regulated by one 
of two methods. The first of these, that of shifting 
the brushes, has been already spoken of. The second 
is the more generally practicable. It consists in 
establishing a shunt wire across the magnets. That 
is, a variable resistance is connected across from the 
terminal where the main current flows into, to the 
terminal from which the main current leaves the 
magnet's circuit. This constitutes a short circuit, 
but it must present sufficient resistance to obviate 
the cutting off of too large a proportion of the current. 
When the dynamo is required to work at its full 
capacity, the resistance of the shunt would be equal 
to infinity, or no current would pass through it. 
When the dynamo is required to work at a small 
proportion of its capacity, the resistance of the shunt 
would be very much less, and a considerable pro- 
portion of the main current would flow through it. 
This method of governing a series dynamo is pre- 
ferable to the old plan of varying the resistance ot 
the main circuit, but it is distinctly inferior to the 
device of winding the magnets themselves with wire 
so fine that it may in itself constitute a shunt. This 
is, in fact,* 

• Scries winding has aLcady been spoken of at p. 4S|W«* »«*« ^\ 
p. 197. 
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electromotive force evolved. This is shown by the 
" characteristic " of such a dynamo having a falling 
tendency. But this slight falling off in the power of 
the machine may be very easily regulated by inserting 
a variable resistance in the shunt circuit. This is 
operated, as before, by hand. When a small load is 
on the dynamo the whole of this resistance is in 
circuit. As the load increases, the lamps will begin 
to dim. It may here be mentioned that a drop of 
5 per cent, in the potential will show greatly upon 
the lamps. The variable resistance is then diminished, 
allowing a greater proportion of the current to flow 
in the magnet's circuit, and so restoring the balance. 
A very little variation of the shunt resistance will 
suffice to regulate a shunt dynamo. This is especially 
the case if the armature's resistance is small. If the 
latter presented no resistance there would be, theo- 
retically, no drop in the potential. 

Although a shunt dynamo regulates so well under 
varying conditions of load, it is found to perform 
badly under variable conditions of driving. If the 
steam engine be unsteady, a shunt machine will be 
less satisfactory than a series machine in feeding arc 
lamps. This is due to the great self-induction of the 
shunt coils, wound as they are upon iron cores. It 
takes time to effect a change in such a circuit. While 
an increase or diminution of speed will instantly 
disturb the lamps, it will not so quickly affect the 
current in the shunt. Hence the lamp circuit is much 
more sensitive to the variations of the speed than the 
magnet's circuit. If the changes were slow, the 
shunt would presently recover its balance and meet 
the exigencies of the moment ; but, as it oerforms but 
sluggishly, it fails to meet moir itions,- 
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when there is an increased demand for current in the 
lamp circuit. 

If a shunt dynamo could be provided with an 
armature having no resistance, it would yield a 
constant electromotive force, whether the exterior 
resistance was small or great. This condition is, 
however, impossible, although dynamos have been 
constructed having conductors so thick in the arma- 
ture that the resistance of this part is merely nominal. 
Nevertheless, these machines will lose some of their 
electromotive force when the external current becomes 
a maximum, because the volts in the working portion 
of the circuit are but a proportion of the whole, and 
not the whole. 

This fault can, however, be overcome by sending 
the main current round the magnet so as to reinforce 
the field as soon as the current in the working part 
of the circuit becomes large enough to cause a drop 
in the electromotive force. It has been said that the 
falling oflF is due to the increased current. This 
increase of current, if it be sent round the magnet, 
however, reinforces the magnetization, and in this way 
// is possible to make a co^npound wound dyjiamo increase 
in pozvcr faster than the load can be switched on^ pro- 
vided we are dealing with glow-lamp lighting in 
parallel, and that the load is gradually increased. 
The " characteristic " of a compound machine would 
show a perfectly straight line ; that is, the volts 
would be maintained the same while the amperes of 
current varied from light to full load. It is, indeed, 
comparatively easy to give the characteristic any 
desired shape. But most makers prefer to give the 
electromotive force a slight rise at full load. A well- 
designed compoimd machine will, therefore, show a 
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alternating-current dynamo, of which we do not 
appear to have any examples in this country. In 
another form of the machine the self-exciting coils 
are wound upon all the armature cores except two. 
These are situated directly opposite to each other. 
They are excited by the current from the separate 
exciting dynamo. The main object in all such com- 
binations is to secure an initial and independent field, 
which, being independent of the variations in the 
main current, affords every facility to render the 
d}mamo self-regulating. 

Coftsiant Current Regulation Impracticable. — It will 
be observed that most of the methods of governing 
here described have for their object the maintenance 
of a constant potential, and are therefore adapted 
more especially for incandescent lighting. But many 
attempts have been made to regulate for constant 
current. So far these endeavours have not been 
attended with success. Electromotive force is the 
attribute of the dynamo, and can be predetermined. 
Current, on the other hand, depends entirely upon 
the total resistance in the circuit The nearest 
method we have to constant current governing con- 
sists in the combination of a shunt machine with a 
separate source of excitation, acting in independent 
coils. 
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OUTPUT AND EFFICIENCY. 



machine, or by indicator diagram taken from the 
engine in the usual way. 

It may be useful to remark that although designers 
of dynamos endeavour to attain a high rate of con- 
version and commercial efficiency, a useful output 
as high as 90 per cent, of the energy absorbed in 
driving them is not a common occurrence. In Dr. 
Hopkinson's tests of the above-mentioned machine, 
93 per cent, was shown, the remainder being lost as 
follows: power lost in armature, 3*17 per cent.; lost 
in magnet windings, i '66 per cent. ; lost in core, i '94 
per cent. These figures show that as far as efficiency 
is concerned, there is little further to be gained in the 
future development of dynamos. 
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Graphic Record of Shunt Dynamo. 

In a series machine, as the external resistance is 
diminished, the current is increased, and the E.M.F. 
rises rapidly, until the magnets are saturated. The 
E.M.F. then falls off for any further diminution of the 
external resistance, showing a drop in the continua- 
tion of the curve. Hence for considerable variations 
of external resistance the current is maintained fairly 
constant. Thus in the characteristic just given the 
current only rises to the extent of 20 amperes, while 
the E.M.F. increases from o to 70*6 volts, and while 
the resistance, as shown in the table p. 223) varied 
from S'3 ohms down to 3'8S ohms, the better the 
proportions of the series machine the less the varia- 
tion in the current, the steeper the slope of the curve. 

If we now consider the case of a shunt dynamo 
running on open circuit, its initial interpolar E.M.F., 
if intended for incandescent lighting, might be as 
high as 1 10 volts. As current is drawn from the 
external circuit by gpradually diminishing the inter- 
polar resistance, or in other words by switching in 
lamps, the amperes should rise in proportion; but 
the resulting diagram, if the figure be plotted, would 
not show a practically straight line. There would be 
a downward tendency, due to a falling off in the 
E.M.F. ; and this, in turn, would be due to the in- 
creased current. In a shunt machine having an 
excessively small armature resistance, and a magnetic 
circuit of the softest iron, the line would be practically 
straight, since under these conditions there would be 
littlo or no drop in the E.M.F. at full load. The 
defect of onlinary shunt machines, when tried in in- 
candescent lighting, is that the E.M.F. is not main- 
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as will result in such a diagram as is shown in 
I''>S* 75' ^^ which ohms of resistance are the abscisse 
nnd volts the ordinates. This shows the relation 
between the E.M.F. at the terminals and the inter- 
polar resistance of a compound wound machine. The 
shunt cur\'e begins at o, and rises finally to i lo volts. 



Vh*- sorif^ rur\v begins at i lo \-oIts and falls to o. 
It th^'S.'ries and shunt coils are properly proportioned 
th«\v will each giw, at the same speed of armature, a 
cunv crossing a certain point. In this case it is 
^5 \-olts. Their curves will cross at that value, 
and at 50 \-oIts such a dynamo would give constant 



CHAPTER XVI. 
DYNAMOS IN SERIES AND PARALLEL. 

To combine the outputs of two or more machines in 
a common circuit eflfectively, calls for some consider- 
ation. 

It may be required to produce in a circuit an 
electromotive force of loo volts. The machine power 
available may consist of two 50 volt. dynamos, neither 
of which can do the work by itself. If, however, the 
machines can be run upon one circuit, similarly to 
two cells of a battery, their joint E.M.F. will be double 
that of one alone. This is series workttig. 

On the other hand a current of 100 amperes may 
be required, at an E.M.F. as low as that of one ma- 
chine only. Two machines are then to be coupled 
in multiple, which will have the eflFect of doubling the 
amperes while maintaining the volts equal to that of 
one machine. This is known as parallel or mulUple 
working. 

Series Working. 

Let us consider the case of series running first, and 
that with scries wound machifus. Given the case of 
two dynamos of equal power, it would only be 
necessary to connect the + terminal of the first 
machine with the — terminal of the S6C<m<L The 
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Other, there would be no current from either of the 
machines in the mains. We have supposed the 
extreme case of the dynamo becoming accelerated 
in speed, or its fellow lagging behind, to the full 
extent of half a wave, but in practice this would not 
be likely to occur all at once. But if from any cause 
one of the machines altered its phase in the minutest 
deg^e, the action of the other machine would be, not 
to pull it back into phase, but to throw it further and 
further out of phase, because more work would be 
required of the slow machine, which would tend to 
still further slow it. This is very clearly shown by 
Dr. Hopkinson, by graphic and other proofs. 

On the other hand, parallel working shows a state 
of things exactly the reverse of this. Alternating 
dynamos, in fact, tend to pull one another into phase 
or agreement. 

Switching in Parallel. — The conditions under which 
alternators are used, are generally as follow : For 
feeding a system of incandescent lamps, the mains 
may have a capacity for the output of several dyna- 
mos. During the early hours of the evening only a 
small proportion of the lamps upon the mains may 
be alight. As darkness sets in, lamps are turned on 
and the output of, say, the single alternator, may 
have to be increased from time to time (either auto- 
matically or by hand government), until its load is as 
great as the dynamo is known to be capable of main- 
taining without overheating. It now becomes neces- 
sary to switch on another alternator. This obviously 
would not be done until the speed of the fresh 
machine had attained a maximum. But if the fresh 
alternator happened to be at exactly the same phase, 
and by a rare chance the same pe *s the 
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the aid of a lamp alone, no disturbance of the main 
lighting will ensue. 

These precautions are taken when dynamos are 
driven by belts, either from one or two engines. But 
alternators are frequently driven by direct gearing 
with the engine shaft, and the fresh dynamo is 
merely clutched on. If the clutch is positive, allow- 
ing of no slips, very little appears to be left to be 
done beyond so regulating the field magnet current 
that the armature shall develop the required electro- 
motive force. But in the case of a friction or flexible 
clutch, where slip may possibly occur, the machine 
should be treated as a dynamo driven by belting ft-om 
an independent source. 
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magneto machine was fixed, and depended upon th< 

strength of the steel magnets, electro magnets an 

easily controlled, and the E.M.F. of the dynam< 

thereby raised or lowered by merely varying the ex 

! citing current. A device, having for its object th< 

j controlling of the magnetic intensity was formerlj 

I employed in the case of magneto machines. It con 

 sisted in placing a " divertor," composed of soft iroi 

{ partially across the limbs of the magnet, so as t( 

! magnetically shunt off part of the lines of force, or ii 

' other words to magnetically short-circuit the magnet 

The electromotive force of the alternating curren 

dynamo can be altered by varying the speed of tin 

armature, as well as by varying the exciting current 

and both methods are in use in large distributing 

stations. 

Comf^aisaiion Exci/afion of Alfernahr. — But alter 
nators are frequently excited by a portion of thei; 
own current. In this case a pair or more coils of th< 
armature are put in circuit with the field coils, througl 
a commutator upon the shaft. This method allows o 
the exciting current being varied by the insertion o; 
withdrawal of resistances generally by hand. A com 
fcnsatcd alternator is similarly but partially excited 
the remainder of the exciting current being obtaine( 
from a small transformer in the main circuit of th< 
machine, the alternating impulses of which are con 
nected to a continuous current by means of a commu 
tator upon the shaft, as before. The object of thij 
recently introduced plan of partial excitation is \x 
make the dynamo self governing. When properlj 
arranged such a machine may be made to yield con 
stant electromotive force. This is essential for th< 
running of incandescent lam: "^ of potentia 
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compass will turn to his le/^hand. It is assumed th. 
the normal position of the needle, when out of the infli 
J. ence of the current, is parallel to the wire to be teste 

I   Belting. — Before measuring for a belt, let tl 

dynamo be screwed upon its slides^ as near to tl 
engine or driving pulley as they will allow. Tl 
belt should have an inch of width per horse-pow^ 
! • (which is only applicable for moderate powers) to 1 

transmitted, if running at 1,000 feet per minute. F( 
dynamo work thin^ flexible belting should be use 
and it should have a butt joint, and in no case 
lap joint. The butt joint may be made with ar 
of the metallic fasteners, but a well arranged lacir 
is to be preferred, and is more flexible. New beltir 
stretches very much, and gives a great deal of troub 
until it settles down to its work. For this reasc 
new belts are generally stretched beforehand, or ri 
upon the machine for a time for this purpose. Tl 
dynamo is moved away from the driving pulley 
tighten the belt, by means of the slides. Slight si 
of the belting, when new, is unavoidable. The be 
must not be too tight. 

Rope Driving is coming rapidly into favour f 
dynamos of considerable size, a single or multiple ro| 
being used upon a multiple grooved pulley. The 
are several advantages in this method of driving, ar 
there is less liability to loss by slipping, or stoppa{ 
by the belt coming off" the pulley. 



'11 ! 

I 






I 



Faults. 

Ground. — A great many of the common failures 
dynamo and circuits connected therewith are di 
simply to ground contact of the machine. Althoug 
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testing wire the terminals of the field-magnet coils and 
the brushes. 

Instead of employing the crude and unsatisfactory 
device of touching two wires together in making 



contacts in testing and other work, it will be found 

advantageous to make use of a simple form of " key " 

or circuit- closer. Thus in Fig. 77 the key may 

consist of a tapping lever, a, jointed at 6, and held uj 

by an antagonistic spring, r. The contact take: 

place at d, upon the copper block £. The connec 

tions to the metallic parts are as represented. The 

key is mounted upon a drj 

wooden base, with /ar^trtermina 

screws or clamps, wide enougl 

to receive the extremity of i 

cable of considerable size. Ir 

I'ig. 78 is represented a port 

able or "one -hand" circui 

closer, which will be found con 

vcnient in making contacts whei 

the other hand is engaged ii 

switching or attending to instru 

ments. The handle a is fittei 

P's <9.-Ciirri.nt Kpv.nir lot with a trigger contact, k con 

trolled by a spring, c, the contac 

taking place at d. for reversing purposes th. 

simple reverser, exhibited in Fig. 79, will be foum 
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suppose that dirty contacts, or merely oxidised brass 
contacts of brushes with their brackets at terminals, 
&c.y of a dynamo are sufficient to account for loss of 
current, yet that is seldom or never the case in 
practice. But it may well occur that brushes have 
been so badly looked after that a tough film of oil- 
gum covers them all over, and that their connection 
with their slides is anything but perfect. 

With the external portion of the circuit we are 
scarcely concerned here, but as the fault of non-start- 
ing may be attributed wrongly to the dynamo, it may 
be pointed out that faulty contacts are likely to occur 
at fusible safety plugs fixed for safety near to the 
dynamo. These very frequently consist of lead 
wire, bits of which are interposed between pairs of 
terminals.* This arrangement is most unsatisfactory. 
It is not practicable to get a good contact with a lead 
wire in an ordinary binding terminal. If pressure be 
applied the wire becomes flat, and its section is gfreatly 
reduced. It speedily oxidises, and finally bums out, 
at the contact point. If lead wire is to be used it 
should be soldered into bits of thin brass tubing at 
either end, so as to afiford a hard touch for the terminal 
screw. 

Ribbon Lead is much to be preferred, as it can be 
clamped with a wide surface between two flat plates 
of a terminal. Failing the discovery of the fault near 
to the machine, it must be looked for in the external 
portion of the circuit beyond switches and cut-outs. 
Whether the fault really lies within the machine — 
that is, within its terminals— can be readily deter- 
mined by momentarily short-circuiting it. This is 

* The Phoenix Fire Office rule provides for a fusible cut out upon each 
wire close to the dynamo. 
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many amperes per square inch or foot. With reference 
to ordinary' plating and depositing, we may represent 
the practical working values as follow, according to 
the rate of deposition desired : 

Cu&JcEMT Density (uk Amperes ; Projected upon the Cathode. 

Solutiun of Amperes per iq. foot. 

Copper, acid balh 5'o to ico 

Copper, cyanide bath . 3*0 to 5*0 

Silver, double c}-anide . 2*0 to 5*0 

Gold, chloride in cyanide . . I'o to 2*0 

Nickel, double sulphate (nearly neutral/ . 6*0 to 8*0 

Brass, cyanide . . 2*0 to 3*0 

Tin — — 

Thus, the superficial area of the work, and not the 
** number of gallons in solution " as former!}-, is the 
matter to be considered in determining the ampferes 
or ** quantity." 

We cannot here trace the successive historical 
steps in the evolution of the depositing dynamo, 
but it may be mentioned tliat very shortly after Dr. 
Faraday's discovery of electro-magnetic induction 
previously referred to, Mr. Woolrich, of Birmingham, 
obtained a patent* for a multipolar dynamo intended 
for electro-plating. The machine consisted of a disc 
armature, carrying bobbins with iron cores. The 
field magnets were of steel, of the horseshoe t}T>e, 
arranged in a circle. This machine, which appears 
to be the first of its class, was shown at the Electrical 
Exhibition held in Birmingham in the autumn of 
1889. It was constructed for the firm of Messrs. 
Prime, in whose works it had been usefully employed 
for a number of years. Wilde's magneto machines, 
having Siemens shuttle armatures, were introduced 
later, and had an extensive application. Mr. Wilde 
has also employed his multipolar dynamo for copper 

* Specification of Patent, No. 9,431, 1842. 



266 ELECTRO-DEPOSITING DYNAMOS. 

the forty sections of windings of the ring are divided 
into two twenties, each of which has its own collector 
and pair of brushes. The collectors are placed one 
on each side of the armature, and the pair sections 
(of twenty coils each) can either be connected in 
series, to yield an E.M.F. of sixteen volts, or in parallel, 
which doubles the current to over a thousand ampferes, 
and reduces the volts to eight. In copper refining the 
vats are frequently worked in series, necessitating 
double the electromotive force stated in the above 
table. The machines are series wound. 

Secondary Current of the Plating Vat. 

It is well known that an electrolytic bath acts to a 
limited extent as a secondary battery or accumulator. 
If a current be passed in such a bath, it may be 
shown to act as a battery, sending a reverse current 
through a galvanometer as soon as the plating 
current is stopped. This was a source of great 
trouble when dynamos were first used for depo- 
sition. The objection did not, of course, apply to 
tlie early magneto machines having permanent mag- 
nets, as will be shown. But a series- wound dynamo 
presents a different set of conditions. If such a 
dynamo were to feed a vat, and the engine driving it 
were to be stopped, the dynamo current would, of 
course, fall off. But a reverse current would be 
immediately liberated from the vat. This secondary 
current would flow around the dynamo circuit and 
speedily reverse the feeble residual magnetism of the 
field. If this were not detected the d)mamo, when 
next started, would, in consequence, yield a current in 
the wrong direction. Disastrous effects would follow : 
the articles to be plated would become the anode and 
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(P* 49)> a practically perfect and automatic regula- 
tion is effected. That is to say, whether the super- 
ficial area of the work being plated is large or small, 
the pressure or volts is maintained at a given value. 
The conditions are almost identical with those of 
parallel electric lighting. Most dynamo builders, 
producing machines for electro-deposition, have fol- 
lowed Brush in adopting a compound winding. 

Baths or Vats in Series. 

For the large operations of refining or depositing 
copper or other metals from solutions of their ores — 
processes which are now carried out electrolytically 
on a very large scale — the Brush Company prefer to 
use the " Victoria " dynamo, machines wound to give 
such current and electromotive force as to render 
them not very dissimilar to the lighting machines of 
the same type. In this kind of electro-deposition it is 
found better to use a number of baths in series, 
instead of the old arrangement of placing them all in 
parallel. The latter plan, although it has some con- 
veniences, requires excessively heavy conductors for 
large work if it is desired to avoid loss of power. 

It is obvious that in order to work several baths in 
series the electromotive force must be considerable, 
and large dynamos for this special purpose are fre- 
quently capable of exerting a force of fifty or more 
volts. In a recently-introduced dynamo, constructed 
by Messrs. Elwell Parker, and wound specially for 
heavy ore reduction, the pressure is 50 volts, with a 
current of 500 amperes at a speed of 450 revolutions 
per minute. The machine is of the four-pole type 
with the usual drum armature. The diameter of the 
latter is 22 inches, by 20 inches in length. There are 
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are, therefore, fixed. Tlie external ring armature 
forms a rim 7 feet 4 inches in diameter, with a width 
of 1 2 inches. The core is composed of sectional iron 
washers. It is carried by an eighteen-spoke star 
wheel of brass. The core is wound as a Gramme 
ring in 714 sections. The machine carries no collector 
at tho axis, as in ordinary dynamos. The speed 
being slow, it is practicable to collect the current 
upon the periphery of the armature itself, plates 
being provided for that purpose. In the machine 
exhibited at Paris, the armature made 150 revo- 
lutions per minute. The current evolved was 1,000 
amperes at 125 volts, the energy being 125,000 watts. 
The driving power was a steam-engine of 1 50 h.p. 
Total weight of machine, about 7 tons. 

Brush's Open-coil Dynamo. 

This celebrated machine has been so frequently 
and fully described* that we can only spare space to 
speak briefly of its peculiar connections from the 
armature, constituting an " open coil " arrangement. 
This implies the cutting out of the idle coils twice 
during each revolution. In the Gramme winding the 
whole side or half of the ring windings are constantly 
in circuit: in an open coil dynamo the really idle 
portions are short circuited by means of the commu- 
tator. If we instance the eight coil armature, it will 
be found that it really represents four separate twin- 
coil machines. These machines are each effectively 
similar to a Clark's armature of the early pattern, for 
each has its own commutator. The currrents are alter- 
nating currents until rectified by the commutator. But 
by means of a cross connection between the brushes 

• See " Electric Light," 4th edilioD, p. 148. 
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lighting was carried on for some years, has led to the 
construction of some very large dynamos now in use 
at the London Electric Supply Corporation's great 
station at Deptford. Two of these dynamos are at 
the present time in daily work. Several others, of a 
still larger pattern, are in course of construction. 
Each of the dynamos at present in use was built for 
an output of electricity sufficient to light 25,000 in- 
candescent lamps ; but, we are informed by Mr- 
Ferranti, '^ so good a margin has been left, and the 
machines have proved so efficient, that they will each 
light 40,000 lamps." The larger dynamos at present 
being built are intended to each light 200,000 lamps. 

The Fcrranti Dynamos at Deptford. — Before enter- 
ing upon a detailed description of the large dynamos 
already constructed, it appears advisable to give some 
general idea of their appearance, and of the means 
employed in working them. 

The four full-page illustrations that follow are 
engravings from photographs taken during November, 
1890, in the works at Deptford. 

I'i^- 94 depicts the general appearance of one of 
the 25,000-light machines in running order. It will 
be observed that it is driven by ropes, running^ in 
grooves in a pulley of great width. The machine 
itself is disc-like in type. The lubricating arrange- 
ments, to which an extraordinary amount of atten- 
tion has been paid, necessitate the use of a system 
of tubing, as shown, for the purposes of distribut- 
ing, collecting, and cleansing the lubricant. 

In Fig. 95 is represented the dynamo "racked 
open" for purposes of examination. The magnet 
frame may be opened in this way so as to form four 
distinct parts or half-circles. Mr. Ferranti has 
devoted great attention to this essential feature in 
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being of the cylinder type. Its external diameter 
10 inches, and its internal diameter 6 inches. It 
wound with flat wire 5 mm- by 37 mm. in one layi 
outside. The current allowed in the armature is < 
ampferes. The commutator is composed of solid draw 
copper sections in.sulated with mica. Resistance 
armature, -04 ohm; resistance of shunt coil, 20 ohm 
resistance of series turns, -03 ohm ; speed, 630 revoli 
tions; E.M.F. at terminals, open circuit 100 volts. 
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